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It has been shown that calorie supplementation of the diet during suckling can lead to a persistent increase in body lipid content, at least up to 60 days (Wurtman & Miller, 19766) . The effect of excess calorie intake on enzyme parameters was studied by oral intubation of overnourished rats with glucose (equivalent to 10% of the total expected daily calorie intake) from 4 to 20 dayspostpartum. This additional calorie burden during suckling on animals already in an overnourished state (through restriction of litter size) accelerated some of the enzyme abnormalities which develop in overnourished rats at 20 weeks. Thus already by 12 weeks the glucose-supplemented overnourished rats showed significant increases in lipogenic enzyme activities and of body weight compared with unsupplemented overnourished animals. It is noteworthy that in these 'supernourished' rats hyperglycaemia was also apparent. The effects of glucose supplementation on the rate of development of enzyme abnormalities suggests that these abnormalities are the result of extra calorie intake during the suckling period rather than of excess intake of a specific dietary component of rat milk.
It is concluded that overnourishment of rats during suckling can result in the appearance in later life of enzyme abnormalities characteristic of obesity and may predispose the animals towards this condition. The study emphasizes the importance of early nutritional influences in the sensitive preweaning period on the metabolic integrity of the fully developed adult organism. O2 uptake was measured polarographically at 25°C with a protein concentration of 1 .Omg/ml with mitochondria and 0.5 mg/ml with sonicated particles. The substrates used were l0m-choline and various concentrations of succinate from 0 to 2 . 5 m~. 0, uptake was also measured during the simultaneous oxidation of both substrates. The assay medium comprised 0.25~-sucrose, ~O~M-KH,PO,/KOH buffer, pH 7.5, with 1 pg of rotenone/ml of buffer. The rates of O2 uptake are expressed as percentages of the maximum rate of 0, uptake during the oxidation of succinate at a concentration of 2.5 mM. The rate of oxidation of 10mM-choline was routinely 30 %of the rate of oxidation of 2.5 mwsuccinate in both mitochondria and submitochondrial particles, under the conditions of the assay. Open symbols are used for mitochondria and closed symbols are used for submitochondrial particles. 0, 0 , Rate of O2 uptake during succinate oxidation; A , A, rate of O2 uptake during the simultaneous oxidation of succinate and choline; 0, W, sum of rates of O2 uptake during the oxidation of succinate and choline, measured separately.
partially limited by azide then competition did develop. Kimura et 01. (1960) suggested that separate pools of cytochrome b may exist for the two oxidase systems.
The present paper describes experiments in which competition between the succinate oxidase and choline oxidase systems was observed under a number of conditions, including the absence of azide, the presence of antimycin A, and lowered concentrations of succinate.
The methods for preparation of rat liver mitochondria, for the polarographic measurement of the succinate oxidase and choline oxidase activities and for the recording of reduced-minus-oxidized absorbance difference spectra have been previously described (Barrett et al., 1977) . The oxidase activities were measured by using mitochondria subjected to two cycles of freezing and thawing to facilitate the entry of choline (Williams, 1960) and to allow the full expression of choline oxidase activity (Barrett et al., 1977) . These enzyme activities were measured in medium supplemented with 0.25 M-sucrose to eliminate the leakage of cytochrome c from the inner membrane (Barrett et al., 1976) . The experiments were also performed with well-washed sonicated submitochondrial particles prepared by the method of Kielley & Bronk (1952 Fig. 1 shows the observed rates of O2 uptake by mitochondria and submitochondrial particles oxidizing choline, succinate and succinate plus choline as measured over a range of succinate concentrations. Clearly, the sum of the individual rates of O2 uptake Table 1 . Effect of antimycin on the rate of simultaneous oxidation of choline and succinate by rat liver mitochondria
The rates of O2 uptake were measured for the oxidation of choline, succinate and succinate plus choline at the concentrations shown, as described in the legend to Fig. 1 for the two substrates was always greater than the observed rate of simultaneous oxidation. However, when the rate of succinate oxidation alone was similar to the rate of choline oxidation alone, then the observed simultaneous rate was similar to the sum of the individual rates. At high succinate concentrations, the rate of simultaneous oxidation equalled the rate of succinate oxidation alone. These effects were observed with both mitochondria and submitochondrial particles. Table 1 shows the effect of partially limiting the electron flux through the respiratory chain by using antimycin A at concentrations giving less than 100% inhibition of O2 uptake for the two substrates. At both antimycin concentrations used, the rate of simultaneous oxidation was less than the higher of the individual antimycin-limited rates for the oxidation of the two substrates.
Tyler et al. (1966) have shown that identical amounts of cytochromes are reduced in mitochondria on becoming anaerobic during oxidation of choline and succinate, and we have confirmed this (Barrett et al., 1977) . Reduced-minus-oxidized absorbance difference spectra were recorded by using 2.5 mwsuccinate and lomhf-choline as substrates in the sample cuvette. No difference was observed in the extent of anaerobic reduction of the cytochromes with choline, succinate and succinate plus choline as substrates.
The results presented here show that the competition observed by Wu (1958) was repeatable even when the succinate concentration was lowered to decrease the rate of succinate oxidation (Fig. 1) . In addition, competition was shown to occur in mitochondria in the absence of azide, but also extensively in the presence of antimycin (Table l) , in contrast with the findings of Kimura et al. (1960) .
The finding that the rate of simultaneous oxidation in antimycin-treated mitochondria was less than the higher of the individual antimycin-limited rates (Table 1) suggests that mutual inhibition of the two oxidase systems occurs more readily in respiratory chains in which the allowab!e electron flux is grossly decreased by treatment with antimycin, compared with respiratory chains in which the allowable electron flux is maximum, i.e. in the absence of antimycin.
In our view, the results presented here do not support the suggestion that the succinate and choline oxidation pathways have separatecytochrome b pools, as has been previously postulated by Kimura et al. (1960) In this respect we are in agreement with Tyler et al. (1966) . An explanation for the observed competition may be that the activity of the choline dehydrogenase is regulated by the redox state of ubiquinone and possibly cytochrome b. It has been established previously that ubiquinone is essential for choline
